Background: Meningitis is a life-threatening infection often associated with high morbidity. Recurrent bacterial meningitis poses a clinical challenge, both clinically and diagnostically. To prevent further recurrences, the underlying causes of recurrent bacterial meningitis should be investigated intensively. Case presentation: Here, we aim to present a patient referred to our clinic with rhinorrhea and found to the Staphylococcus aureus meningitis related to a clival defect. The patient reported no history of trauma, surgery, or brain neoplasm, and the cerebrospinal fluid leakage was classified as spontaneous. The patient had two episodes of meningitis in the last 4 years, but etiologic data of the previous episodes were absent. A pneumococcal vaccine was administered following her second attack, suggesting a possible Staphylococcus aureus infection due to altered colonization in the sinuses. She was successfully treated with linezolid but refused surgery to correct the defect and was discharged without neurologic sequelae. Conclusion: Spontaneous cerebrospinal fluid leakage from the clivus which could provoke recurrent meningitis is a rare situation. In conjunction with appropriate rapid antibiotherapy for the prevention of recurrent meningitis, the removal of anatomical risk factors should be a principal aim. Effective surgical procedures prevent recurrences.
Background
Recurrent bacterial meningitis is defined as either two or more episodes of meningitis caused by a different bacterial organism or a second or subsequent episode caused by the same organism with a greater than 3week interval following the completion of the initial therapy [1] . The causes of underlying anatomic, immunologic, or chronic parameningeal infections need to be investigated intensively to prevent further recurrence. The clivus is found in the deepest region of the skull base with one of its walls adjacent to the top of the sphenoid sinus. Cerebrospinal fluid (CSF) leakage from the clivus could lead to recurrent meningitis. In this report, we have discussed this rare anatomic defect and etiologic differentiation in a patient with recurrent bacterial meningitis in conjunction with relevant reported adult cases from the literature.
Case presentation
A 64-year-old female was admitted to the emergency room with headache, nausea, and vomiting. Medical history revealed two meningitis episodes: the first being 4 years and the second 2 years previously. Medical data concerning these episodes were absent, but she had been successfully treated with intravenous antibiotics. She was vaccinated with 23-Valent Pneumococcal Polysaccharide Vaccine (PPSV23) following the second meningitis attack. She declared no head trauma, surgery, malignancy, or sinus and ear infections. Beta-lactam allergy was confirmed. Her temperature was 38.3°C, and she was conscious and oriented. No signs of meningeal irritation were detected, and other system examinations were normal. Her white blood cell (WBC) count was 12,300/mm 3 and C-reactive protein level was 1.3 mg/dl (< 0.5, normal reference). Lumbar puncture revealed elevated opening pressure, cloudy appearance of CSF with 1856 WBC (90% polymorph), CSF glucose was 29 mg/dl (serum glucose was 112 mg/dl), and CSF protein was 98.4 mg/dl. CSF Gram stain showed the appearance of Grampositive cocci in clusters. Linezolid 2 × 600 mg was started due to the beta-lactam allergy with the diagnosis of acute bacterial meningitis. Methicillin-sensitive Staphylococcus aureus was isolated in CSF culture. Her immune system tests were normal. Computed tomography and magnetic resonance imaging of the skull base revealed irregular millimetric bone defects at the clivus ( Fig. 1 ) and excessive pneumatization of the sphenoid bone posteriorly (Fig. 2) . A CSF leak was located in the posterior part of the clivus. Rhinorrhea was questioned and confirmed with β-2 transferrin analysis. Surgery was offered to repair the clival defect, but she rejected any surgical interventions. After 2 weeks of linezolid treatment, the patient was discharged without neurologic sequelae. Her 6-month follow-up showed no further sign of meningitis.
Discussion
Our patient has experienced three episodes of meningitis over the last 4 years. The predisposing factor appears to be spontaneous CSF leakage (S-CSF-L) at the posterior part of the clivus. This was based on no other definable history, such as trauma, surgery, or brain neoplasm. The definite cause of S-CSF-L remains elusive. Most cases, however, do have increased intracranial pressure [2] . Pneumatization of the sphenoid bone in conjunction with functional factors, such as the increased intracranial hypertension, continuous erosive effect of CSF and pulsative arteries, and/or other congenital developmental factors, are likely associated with spontaneous CSF leaks [2, 3] .
The prevalence of S-CSF-L of all CSF fistulas in any location is between 3 and 40% in the series [4] [5] [6] [7] . S-CSF-L is usually observed at the cribriform plate of the skull base. Sphenoidal and, more specifically, clival localization is even less common [3] . S-CSF-L from the clivus is very rare, with few cases reported in the literature [6, 7] . Meningitis is the most serious clinic complication in these cases.
CSF leakage due to primary defects and/or fracture of the clivus, or osteomyelitis of the clivus might lead to meningitis and recurrent meningitis [5] [6] [7] [8] [9] [10] [11] [12] [13] . Table 1 summarizes the published characteristics of meningitis cases that include clivus defects. Because of the localization, fractures of the clivus are very rare and defined in only one case [10] . The common feature of all cases, except the one with the clivus osteomyelitis, is that patients present with rhinorrhea prior to meningitis. The preferred surgical procedure to repair the leak is endoscopic endonasal transsphenoidal surgery. No recurrence of the leak or meningitis has been reported following this type of surgery.
In the cases where clival defect was eventually found, the reasons outlined for the recurrences included a failure to give surgical consent following the first episode [5] , ineffective first surgery [7] , inappropriate antibiotherapy course for osteomyelitis [8] , and misidentification of the exact leak site [9] . It is our understanding that the patient discussed herein was misdiagnosed following previous episodes. After the diagnosis of clival defect, however, she declined the surgery. A strict follow-up procedure must be mandated in such cases.
Streptococcus pneumoniae, Gemella haemolysans, Hemophilus influenzae, and Neisseria meningitis have all been reported in specific cases. However, in several other cases, the microorganism was not mentioned. With the exception of postoperative meningitis, S. aureus in bacterial meningitis is rarely found [14, 15] . In the majority of cases, S. aureus reaches the meninges via bacteremia from a non-cranium source, such as endocarditis, epidural abscess, and skin or soft tissue [16, 17] . Neither of these risk factors was identified in our case. However, the administration of PPSV23 to our patient following her second episode can be described as a risk factor due to the altering of colonization in the sinuses. Some studies have also shown that the nasopharyngeal carriage of S. aureus is increased following the widespread usage of the pneumococcal vaccine [18, 19] . It could be noted that increases in the relatively rare microorganism of meningitis might arise from vaccinations for the more common bacterial agents.
Conclusion
S-CSF-L from the clivus is a rare condition that can cause recurrent meningitis. With the presence of rhinorrhea, detailed radiological imaging should be performed to detect possible CSF leak. Following the administration of an appropriate agent-specific antibiotherapy and the stabilization of the patient, removal of anatomic risk factors should be considered to prevent recurrences. To date, the endoscopic endonasal approach presents the most effective option. 
